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PREFACE TO THE SECOND EDITION 


DuRInG the eight years which have elapsed since this 
Grammar was first published, the views expounded in it 
have undoubtedly met with wider acceptance than the 
author in the ledst anticipated. There are many signs 
that a sou: is surely replacing, as a basis for 
natural philosophy, the de‘ materialism of the older 
physicists. More than one professor of metaphysics has 
actually discovered that he can best attack “modern” 
science by criticising ancient statements as to mechanism 
from a standpoint remarkably similar to that of the 
Grammar. Step by step men of science are coming to 
recognise that mechanism is not at the bottom of 
phenomena, but is only the conceptual shorthand by aid 
of which they can briefly describe and resume phenomena, 
\ Chat all science is description and not explanation, that 
the mystery of change in the inorganic world is just as 
great and just as omnipresent as in the organic world, 
are statements which will appear platitudes to the next 
generation. Formerly men had belief as to the super- 
sensuous, and thought they had knowledge of the 
sensuous. The science of the future, while agnostic as 
to the supersensuous, will replace knowledge by belief 
in the perceptual sphere, and reserve the term knowledge 
for the conceptual sphere—the region of their own 
concepts and ideas—of ether, atom, organic corpuscle, and 
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enables me to define several of these conceptions much 
more accurately than was possible in 1892, and to 
indicate, if only in vague outline, what a fascinating field 
is being here transferred from the synoptic to the precise 
division of science (p. 513). Many changes have been 
made in the wording, but few in the substance of the 
earlier parts of this book. For valuable suggestions in 
Chapters X. and XI. I have to thank Mr. Francis Galton, 
F.RS,, Professor W. F. R. Weldon, F.R.S., and Mr. G. 
Udny Yule. 

If I have not paid greater attention to my numerous 
critics, it is not that I have failed to study them; it is 
simply that I have remained—obstinately it may be 
—convinced that the views expressed are, relatively to 
our present state of knowledge, substantially correct. 
Stich changes in form as I have made have been chiefly 
suggested by further experience in the difficulties which 
await both pupil and teacher. I can only conclude by 
expressing a hope that if old friends meet the Grammar 
in its new form, they will not be displeased by either the 
superficial changes or the more substantial additions. 


KARL PEARSON. 


UNIVERSITY COLLEGE, LONDON, 
December 1899. 


PREFACE TO THE FIRST EDITION 


THERE are periods in the growth of science when it is 
well to turn our attention from its imposing superstructure 
and to carefully examine its foundations. The present 
book is primarily intended as a criticism of the funda- 
mental concepts of modern science, and as such finds 
its justification in the motto placed upon its title-page. 
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probably find in the ease with which the physicist, as 
compared with either the pure mathematician or the 
historian, is entangled in the meshes of such pseudo- 
sciences as natural theology and spiritualism. If the 
constructive portion of this work appears to the reader 
unnecessarily dogmatic or polemical, the author would 
beg him to remember that it is essentially intended to 
arouse and stimulate the reader's own thought, rather 
than to inculcate doctrine: this result is often best 
achieved by the assertion and contradiction which excite 
the reader to independent inquiry. . 

The views expressed in this Grammar on the funda- 
mental concepts of science, especially on those of_force 
and matter, have formed part of the author's teaching 
since he was first called upon (1882) to think how the 
elements of dynamical science could be presented free 
from metaphysics to young students. But the endeavour 
to put them into popular language only dates from the 
author's appointment, in 1891, to Sir Thomas Gresham's 
professorship in geometry. The substance of this work 
formed the topic of two introductory courses on the 
Scope and Concepts of Modern Science. Gresham College 
is but the veriest shred of what its founder hoped and 
dreamt it would become—a great teaching university 
for London—but the author in writing this volume, 
whatever its failings, felt that as far as in him lay he 
was endeavouring to return to the precedent set by the 
earlier and more distinguished of his predecessors in the 
chair of geometry. To restore the chair and the college 
to its pristine importance is work well worth doing, but 
it lies in the hands of men hardly trained to appreciate 
the social value of science and general culture. 

This Grammar of Science, imperfect as it is, would 
have been still more wanting but for the continual help 
and sympathy of several kind friends. Mr. W. H. 
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Macaulay of King’s College, Cambridge, has given aid 
in many ways, ever trying to keep the author's scientific 
radicalism within moderate and reasonable bounds. To 
his friend, Mr. R. J. Parker of Lincoln’s Inn, the author 
is indebted for a continuation of that careful and 
suggestive revision which he has for the last ten years 
given to nearly everything the author has written. 
Especially, however, his thanks are due to Dr. R. J. Ryle 
of Barnet, whose logical mind and wide historical reading 
have produced a “betterment,” which gives him almost 
a tenant-right in these pages. Lastly, the author has to 
thank his friend and former pupil, Miss Alice Lee, 
Assistant-Lecturer in Physics at Bedford College, London, 
for the preparation of the index and for several important 
corrections. 
KARL PEARSON. 


GRESHAM COLLEGE, LONDON, 
January 1892. 
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CHAPTER I 


INTRODUCTORY—THE SCOPE AND METHOD OF 
SCIENCE 


§ 1.—The Need of the Present 


WITHIN the past forty years so revolutionary a change 
has taken place in our appreciation of the essential facts 
in the growth of human society, that it has become 
necessary not only to rewrite history, but to profoundly 
modify our theory of life and gradually, but none the less 
certainly, to adapt our conduct to the novel theory. The 
insight which the investigations of Darwin, seconded by 
the suggestive but far less permanent work of Spencer, 
have given us into the development of both individual and 
social life, has compelled us to remodel our historical ideas 
and is slowly widening and consolidating, our moral | 
standards, This slowness ought not to dishearten us, for 
one of the strongest factors of social stability is the inert- 
ness, nay, rather active hostility, with which human 
societies receive all new ideas. It is the crucible in which 
the dross is separated from the genuine metal, and which 
saves the body-social from a succession of unprofitable 
and possibly injurious experimental variations. That the 
reformer should often be also the martyr is, perhaps, a not 
over-great price to pay for the caution with which society 
as a whole must move ; it may require years to replace a 
great leader of men, but a stable and efficient society can ( 
only be the outcome of centuries of development: ~~~ 
T 
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supposing that the scientific frame of mind is a peculiarity 
of the professional scientist. 

Now this frame of mind seems to me an essential of 
good citizenship, and of the several ways in which it can 
be acquired few surpass the carcful study of some one 
branch of natural science. The insight into method and 
the habit of dispassionate investigation which follow from 
acquaintance with the scientific classification of even some 
small range of natural facts, give the mind an invaluable 
power of dealing with other classes of facts as the occasion 
arises.’ The patient and persistent study of some one 
branch of natural science is even at the present time 
within the reach of many. In some branches a few hours’ 
study a week, if carried on carnestly for two or three 
years, would be not only sufficient to give a thorough 
insight into scientific method, but would also enable the 
student to become a carcful observer and possibly an 
original investigator in his chosen field, thus adding a new 
delight and a new enthusiasm to his life. The importance 
of a just appreciation of scientific method is so great, that I 
think the state may be reasonably called upon to place in- 
struction in pure science within the reach of all its citizens. 
Indeed, we ought to look with extreme distrust on the large 
expenditure of public money on polytechnics and similar in- 
stitutions, if the manual instruction which it is proposed to 
give at these places be not accompanicd by efficient teach- 
ing in pure science. The scientific habit of mind is one 
which may be acquired by all, and the readiest means of 
attaining to it ought to be placed within the reach of all. 

The reader must be careful to note that I am only 
praising the scientific habit of mind, and suggesting one 












1 To decry specialisation in education is to m 
education, ‘The true aim of the teacher must be to impart an 
method and not a knowledge of facts. This is far more readily achieved by 
concentrating the student's attention on a sm: ff phenomena, than by 

ing him in rapid and superficial survey over wide fields of know 
Personally I have no recollection of at Ivast 9o per cent of the farts that we 
‘tanght to me at school, but the notions of mithed which I derive: from my 
instructor in Greek Grammar (the contents of which I have long since 
forgotten) remain in my mind as the really valuable part of my  schvol 
equipment for life. 
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supposing that the scientific frame of mind is a peculiarity 
of the professional scientist. an 
Now this frame of mind seems to me an essential of 
good citizenship, and of the several ways in which it can 
be acquired few surpass the careful study of some one 
branch of natural science. The insight into method and 
the habit of dispassionate investigation which follow fror 
acquaintance with the scientific, classification of even some 
small range of natural facts, give the mind an invaluable 
power of dealing with other classes of facts as the occasion 
arises! The patient and persistent study of some one 
branch of natural science is even at the present time 
within the reach of many. In some branches a few hours’ 
study a week, if carried on earnestly for two or three 
years, would be not only sufficient to give a thorough 
insight into scientific method, but would also enable the 
student to become a careful observer and possibly an 
original investigator in his chosen field, thus adding a new 
delight and a new enthusiasm to his life. The importance 
of a just appreciation of scientific method is so great, that I 
think the state may be reasonably called upon to place in- 
struction in pure science within the reach of all its citizens. 
Indeed, we ought to look with extreme distrust on the large 
expenditure of public money on polytechnics and similar in- 
stitutions, if the manual instruction which it is proposed to 
give at these places be not accompanied by efficient teach- 
ing in pure science. The scientific habit of mind is one 
which may be acquired by all, and the readiest means of 
attaining to it ought to be placed within the reach of all. 
The reader must be careful to note that I am only 
praising the scientific habit of mind, and suggesting one 








1 To decry specialisation in education is to misinterpret the purpose of 
education. ‘The true aim of the teacher must be to impart an appreciation of 
method and not a knowledge of facts. This is far more readily achieved by 
concentrating the student's attention on a small range of phenomena, than by 
leading him in rapid and superficial survey over wide fields of knowledge. 
Personally I have no recollection of at least 9o per cent of the facts that were 
taught to me.at school, but the notions of method which I derived from my 
instructor in Greek Grammar (the contents of which I have long since 
forgotten) remain in my mind as the really valuable part of my school 
equipment for life. 
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for the time and energy spent in scientific work. From 

the standpoint of morality, or from the relation of the 
individual unit to other members of the same social VS 
group, we have to judge each human activity by its 
outcome in conduct, How, then, does science justify 
itself i influence on the conduct of men as citizens? 
I assert that the encouragement of scientific inyestigat 
‘and the spread of scientific knowledge by largely incul- .\. 
cating scientific habits of mind will lead to more efficient , \ 








citizenship and so to increased social stability. Minds 
trained to scientific methods are less likely to be led by 
mere appeal to the passions or by blind emotional excite- 
ment to sanction acts which in the end may lead to social . 
disaster. In the first and foremost place, therefore, I lay 
stress upon the educational side of modern science, an 
e my position in some such words as these :— 
Modern Science, as training the mind to-an exact and 
impartic lysis of facts, is an education specially fitted to 
promote sound citizenslip. 
Our first conclusion, then, as to the value of science 
for practical life turns upon the efficient training it pro- | , 
vides in method. The man who has accustomed himself 
to marshal facts, to examine their complex mutual rela- 
tions, and predict upon the result ‘of this examination 
their inevitable sequences—sequences which we term 
natural laws and which are as valid for e) 
mind as for that of the individual -investigator—such a 
nian, we may hope, will carry his scientific method into 
the field of social problems. He will scarcely be content 
with merely superficial statement, with vague appeal to the 
imagination, to the emotions, to individual prejudices. 
He will demand a high standard of reasoning, a clear 
insight into facts and their results, and his demand cannot 
fail to be beneficial to the community at large. 


§ 4.—Essentials of Good Science 


I want the reader to appreciate clearly that science 
justifies itself in its methods, quite apart from any service- 
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less insight into scientific method. Works like Darwin’s 
Origin of Species and Descent of Man, Lyell’s Principles of 
Geology, Helmholtz’s Sensations of Tone, or Galton’s Natural 
Inheritance, can be profitably read and largely under- 
stood by those who are not specially trained in the several 
branches of science with which these works deal.’ It may 
need some patience in the interpretation of scientific terms, 
in learning the language of science, but like most cases in 
which a new language has to be learnt, the comparison of 
passages in which the same word or term recurs, will soon 
lead to a just appreciation of its true meaning. In the 
matter of language the descriptive natural sciences such as 
geology or biology are more easily accessible to the lay- 
man than the exact sciences such as algebra or mechanics, 
where the reasoning process must often be clothed in 
mathematical symbols, the right interpretation of which 
may require months, if not years, of study. To this dis- 
tinction between the descriptive and exact sciences I 
Propose to return later, when we are dealing with the 
classification of the sciences. | 

~ I would not have the reader suppose that the mere 
perusal of some standard scientific work will, in my opinion, 
produce a scientific habit of mind. I only suggest that it 
will give some insight into scientific’ method and some 
appreciation of its value. Those who can devote persist- 
ently some four or five hours a week to the conscientious 
study of any one limited branch of science will achieve in 
the space of a year or two much more than this. The 
busy layman is not bound to seek about for some branch 
which will give him useful facts for his profession or occu- 
pation in life. It does not'indeed matter for the purpose 
we have now in view whether he seek to make himself 
proficient in geology, or biology, or geometry, or mechanics, 
or even history or folklore, if these be studied scientifically. 
What is necessary is the thorough knowledge of some 
small group of facts, the recognition of their relationship 


1 The list might be easily increased, for example by W. Harvey's Ana- 
tomical Dissertation on the Motion of the Heart and Blood, and by Faraday's 
Experimental Researches. 
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of science will be completed.’ What is this but saying that 
the task of science can never end till man ceases to be, till 
history is no longer made{and development itself ceases ? - 
It might be supposed that science has made such 
strides in the last two centuries, and notably in the last 
fifty years, that we might look forward to a day when its 
work would be practically accomplished. At the begin- 
ning of this century it was possible for an Alexander von 
Humboldt to take a survey of the entire domain of then 
extant science, Such a survey would be impossible for 
any scientist now, even if gifted with more than Hum-- 
boldt’s powers. Scarcely any specialist of to-day is really 
master of all the work which has been done in his own 
comparatively small field. Facts and their classification 
have been accumulating at such a rate, that nobody seems 
to have leisure to recognise the relations of sub-groups to 
the whole. It is as if individual workers in both Europe 
and America were bringing their stones to one great 
building and piling them on and cementing them together 
without regard to any general plan or to their individual 
neighbour's work; only where some one has placed a 
great corner-stone, is it regarded, and the building then 
rises on this firmer foundation more rapidly than at other 
points, till it reaches a height at which it is stopped for 
want of side support. Yet this great structure, the pro- 
portions of which are beyond the ken of any individual 
man, possesses a symmetry and unity of its own, not- 
withstanding its haphazard mode of construction. This 
symmetry and unity lie in scientific method. The smallest 
group of facts, if properly classified and logically dealt 
with, will form a stone which has its proper place in the 
great building of knowledge, wholly independent of the 
individual workman who has shaped it. Even when two 
men work unwittingly at the same stone they will but 
modify and correct each other's angles. In the face of 
all this enormous progress of modern science, when in all 
civilised lands men are applying the scientific method to 
natural, historical, and mental facts, we have yet to admit 
that the goal of science is and must be infinitely distant. 
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that the material of science is coextensive with the whole 
life, physical and mental, of the universe, and furthermore 
that the limits to our perception of the universe are only 
apparent, not real. It is no exaggeration to say that the 
universe was not the same for our great-grandfathers as it 
is for us, and that in all probability it will be utterly 
different for our great-grandchildren. The universe is a 
variable quantity, which depends upon the keenness and 
structure of our organs of sense, and upon the fineness of 
our powers and instruments of observation. We shall see 
more clearly the important bearing of this latter remark 
when we come to discuss more closely in another chapter 
how the universe is largely the construction of each indi- 
vidual mind. For the present we must briefly consider 
the former remark, which defines the unlimited scope of 
science. To say that there are certain fields—for example, 
metaphysics—from which science is excluded, wherein its 
methods have no application, is merely to say that the 
rules of methodical observation and the laws of logical 
thought do not apply to the facts, if any, which lie within 
such fields. These fields, if indeed such exist, must lie 
outside any intelligible definition which can be given of 
the word knowledge. If there are facts, and sequences to 
be observed among those facts, then we have all the 
requisites of scientific classification and knowledge. If 
there are no facts, or no sequences to be observed among 
them, then the possibility of a// knowledge disappears. 
The greatest assumption of everyday life—the inference 
which the metaphysicians tell us is wholly beyond science 
—namely, that other beings have consciousness as well as 
ourselves, seems to have just as much or as little scientific 
validity as the statement that an earth-grown apple would 
fall to the ground if carried to the planet of another star. 
Both are beyond the range of experimental demonstration, 
but to assume uniformity in the characteristics of brain 
“matter” under certain conditions-seems as scientific as 
to assume uniformity in the characteristics of stellar 
“matter.” Both are only working hypotheses and valu- 
able in so far as they simplify our description of the 
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of the scientific method ought to lead their professors to 
a practically identical system. Now one of the idiosyn- 
crasies of metaphysicians lies in this: that each meta- 
physician has his own system, which to a large extent 
‘excludes that of his predecessors and colleagues. Hence 
we must conclude that metaphysics are built either on air 
or on quicksands—either they start from no foundation 
in facts at all, or the superstructure has been raised before 
a basis has been found in the accurate classification of 
facts. I want to lay special stress on this point. There 
is_no short cut to truth, no way to gain a inowedge of | { we 
the universe exc entific 
method. —Fhe-trard and stony path of classifying facts 
and reasoning upon them is the only way to ascertain 
truth. [tis the reason and not the imagination which 
must ultimately be appealed to: The poet may give us 
in sublime language an account of the origin and purport 
of the universe, but in the end it will not satisfy our 
asthetic judgment, our idea of harmony and beauty, like 
the few facts which the scientist may venture to tell us 
in the same field. The one will agree with all our ex- 
periences past and present, the other is sure, sooner or 
later, to contradict our observation because it propounds a 





























dogma, where we are yet far from knowing the whole truth. a. 
Qur_zsthetic judgment demands harmony between the ]\1S* 
fepresentation and the represented, and in this sense gu 
science is often more artistic than modern art. < 





The poet is a valued member of the community, for 0 ee 
he is known to be a poet ; his value will increase as he 
grows to recognise the deeper insight into nature with 
which modern science provides him. The metaphysician 
is a poet, often a very great one, but unfortunately he is 
not known to be a poet, because he strives to clothe his 
poetry in the language of reason, and hence it follows * 
that he is liable to be a dangerous member of the com- 
munity. The danger at the present time that meta- 
physical dogmas may check scientific research is, perhaps, 
not very great. The day has gone by when the Hegelian 
philosophy threatened to strangle infant science in Ger- 
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many ;—that it bezins to languish at Oxford is a proof 
that it ix practically dead in the country of its birth. 
‘The day has gone by when philosophical or theological 
dogmas of any kind can throw back for generations the 
pre x of scientific investigation, There is no restric- 
tion now on research in any field, or on the publication 
of the truth when it has been reached. But there is 
nevertheless a danger which we cannot afford to disregard, 
a danger which retards the spread of scientific knowledge 
among the unenlightened, and which flatters obscurantism 
by discrediting the scientific method, There is a certain 
school of thought which finds the laborious process’ by 
whieh science reaches truth too irksome ; the temperament 
af this school is such that it demands a short and easy 
cut to knowledge, where knowledge can only be gained, 
if at all, by the long and patient toiling of many groups 
of workers pethaps through several centuries. There are 
various fields at the present day wherein mankind is 
ignorant, and the honest course for us is simply to confess 
war ignorance, This ignorance may arise from the want 
of any proper classification of facts, or because supposed 
facts are themscives inconsistent, unreal creations of une 
tained minds. But hecause this ignorance is frank’, 

admittad by science, an attempt is mace to fence off 
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facts followed by the recognition of their relationship and iy 
recurring sequences. The scientific judgment is the judg-. 
ment based upon this recognition and free from personal 
bias. If this were the philosophical method there would 
be no need of further discussion, but as we are told the 
subject-matter of philosophy is not the “ legitimate problem 
of science,” the two methods are presumably not identical. 
Indeed the philosophical method seems based upon an 
analysis which does not start with the classification of 
facts, but reaches its judgments by some obscure process of 
internal cogitation. It is therefore dangerously liable to 
the influence of individual bias ; it results, as experience 
shows us, in an endless number of competing and contra- 
dictory systems. It is because the so-called philosophical 
method does not, when different individuals approach the 
same range of facts, lead, like the scientific, to practical 
unanimity of judgment, that science, rather than philo- 
sophy, offers the better training for modern citizenship. 


2 
§ 7.—The Ignorance of Science 


It must not be supposed that science for a moment 
denies the existence of some of the problems which have 
hitherto been classed as philosophical or metaphysical. 
On the contrary, it recognises that a great variety of 
physical and biological phenomena lead directly to these 
problems. But it asserts that the methods hitherto 
applied to these problems have been futile, because they 
have been unscientific. The classifications of facts hitherto 
made by the system-mongers have been hopelessly in- 
adequate or hopelessly prejudiced. Until the scientific 
study of psychology, both by observation and experiment, 
has advanced immensely beyond its present limits—and 
this may take generations of work—science can only 
answer to the great majority of“ metaphysical” problems, 

1 This statement by no means denies the existence of many moot points, 
unsettled problems in science ; but the genuine scientist admits that they are 
unsolved. As a rule they lie just on the frontier line between knowledge and 


ignorance, where the pioneers of science are pushing forward into unoccupied 
and difficult country. 
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alchemy, astrology, and witchcraft of the Middle Ages. 

- Either they involve facts which are in themselves unreal 
—conceptions which are self-contradictory and absurd, and 
therefore incapable of analysis by the scientific or any 
other method,—or, on the other hand, our ignorance arises 
from an inadequate classification and a neglect of scientific 
method. 

This is the actual state of the case with those mental 
and spiritual phenomena which are said to lic outside the 
proper scope of stience, or which appear to be disregarded 
by scientific men. No better example can be taken than 
the range of phenoména which are entitled Spiritualism. 
Here science is asked to analyse a series of facts which 
are to a great extent unreal, which arise from the vain 
imaginings of untrained minds and from atavistic tendencies 
to superstition. - So far as the facts are of this character, 
no account can be given of them, because, like the witch’s 
supernatural capacity, their unreality will be found at 
bottom to make them self-contradictory. Combined, 
however, with the unreal series of facts are sprobably 
others, connected with hypnotic and other conditions, 
which are real and only incomprehensible because there 
is as yet scarcely any intelligent classification or true 
application of scientific method. The former class of facts 
will, like astrology, never be reduced to law, but will one 
day be recognised as absurd; the other, like alchemy, 
may grow step by step into an important branch of 
science. Whenever, therefore, we are tempted to desert) 
the scientific method of seeking truth, whenever the silence 
of science suggests that some other gateway must be 
sought to knowledge, let us inquire first whether the 
elements of the problem, of whose solution we are ignorant, 
may not after all, like the facts of witchcraft, arise from 
a superstition, and be self-contradictory and incompre- -| 
hensible because they are unreal. 

If on inquiry we ascertain that the facts cannot 
possibly be of this class, we must then remember that it 
may require long ages of increasing toit and investigation 
before the classification of the facts can be so complete 
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§ 10.—The Third Claim of Science 


Thus far I have been more particularly examining the 
influence of science on our treatment of social problems. 
I have endeavoured to point out that science cannot 
legitimately be excluded from any field of investigation 
after truth, and that, further, not only is its method 
essential to good citizenship, but that its results bear 
closely on the practical treatment of many social diffi- 
culties. In this I have endeavoured to justify the state 
endowment and teaching of pure science as apart from its 
technical applications. If in this justification I have laid 
most stress on the advantages of scientific method—on 
the training which science gives us in the appreciation of 
evidence, in the classification of facts, and in the elimina- 
tion of personal bias, in all that may be termed exactness 
of mind—we must_stj pl. ite mber that “ultimately the 
direct influence of pire Science oh practical life is _enor- 
mous. The observations of Newton on the relation 
between the motions of a falling stone and the moon, of 
Galvani on the convulsive movements of frogs’ legs in 
contact with iron and copper, of Darwin on the adaptation 
of woodpeckers, of tree-frogs, and of seeds to their sur- 
roundings, of Kirchhoff on certain lines which occur in the 
spectrum of sunlight, of other investigators on the life- 
history of bacteria—these and kindred observations have 
not only revolutionised our conception of the universe, but 
they have revolutionised, or are revolutionising, our 
practical life, our means of transit, our social conduct, our 
treatment of disease. What at the instant of its dis- 
covery appears to be only a sequence of purely theoretical 
interest, becomes the basis of discoveries which in the end 
profoundly modify the conditions of human life. It is 
impossible to say of any result of pure science that it 
will not some day be the starting-point of wide-reaching 
technical applications. The frogs’ legs of Galvani and 
the Atlantic cable seem wide enough apart, but the former ' 
was the starting-point of the series of investigations which , 
ended in the latter. In the recent discovery of Hertz 
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truth it has reached is the only form of truth which can” 
permanently satisfy the asthetic judgment. For the 
present, then, it is better to be content with the fraction 
of a right solution than to beguile ourselves with the 
whole of a wrong solution. The former is at least a step 
towards the truth, and shows us the direction in which 
other steps may be taken. The latter cannot be in entire 
accordance with our past or future experience, and will 
therefore ultimately fail to satisfy the asthetic judgment. 
Step by step that judgment, restless under the growth of 
positive knowledge, has discarded creed after creed, and 
philosophic system after, philosophic system. Surely we 
might now be content to learn from the pages of history 
that only little by little, slowly line upon line, man, by 
the aid of organised observation and careful reasoning, 
can hope to reach knowledge of the truth, that science, 
in the broadest sense of the word, is the sole gateway to 
a knowledge which can harmonise with our past as well 
as with our possible future experience. As Clifford puts 
it, “Scientific thought is not an accompaniment or 
condition of human progress, but human progress itself.” 


SUMMARY 


1, The scope of science is to ascertain truth in every possible branch of 
knowledge. There is no sphere of inquiry which lies outside the legitimate 
field of science. To draw a distinction between the scientific and philosophical 
fields is obscurantism. : . 

2, The scientific method is marked by the following features :—(a) Careful 
and accurate classification of facts and observation of their correlation and 
sequence ; (6) the discovery of scientific laws by aid of the creative imagina- 
tion; (¢) self-criticism and the final touchstone of equal validity for all 
normally constituted minds. 

3 The claims of science to our support depend on :—(a) The efficient 
mental training it provides for the citizen; (6) the light it brings to bear 
‘on many important social problems; (¢) the increased comfort it adds to 
practical life; (4) the permanent gratification it yields to the <esthetic 
judgment. 
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CHAPTER II 


THE FACTS OF SCIENCE 


§ 1—The Reality of Things 


IN our first chapter we have frequently spoken of the 
classification of facts as the basis of the scientific method ; 
we have also had occasion to use the words veal and 
unreal, universe and phenomenon. It is proper, therefore, 
that before proceeding further we should endeavour to 
clear up our ideas as to what these terms signify. We 
must strive to define a little more closely in what the 
material of science consists. We have seen that the 
legitimate field of science embraces all the mental and 
physical facts of the universe. But what are these facts in 
themselves, and what is for us the criterion of their reality? 

Let us start our investigation with some “external 
object,” and as apparent simplicity will be satisfied by 
taking a familiar requisite of the author’s calling, namely, 
a blackboard, let us take it. We find an outer rect- 
angular frame of brownish-yellow colour, which on closer 
inspection we presume to be wood, surrounding an 
inner fairly smooth surface painted black. We can 
measure a certain height, thickness, and breadth, we notice 
a certain degree of hardness, weight, resistance to breaking, 
and, if we examine further, a certain temperature, for the 
board feels to us cold or warm. Now although the black- 
board at, first sight appears a very simple object, we see 

1 The blackboard as an ‘ object-lesson”” is such a favourite instance with 


the writer, that the reader will perhaps pardon him the use ofit here. Seine 
Mundart klebt jedem an. 
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Americans, and with ships and chattels coming from 
America, which lead me to believe in the “reality” of 
America and of what my eyes or ears have told me of its 
contents. In constructing the Capitol it is clear that past 
experience of a variety of kinds is largely drawn upon. 
But it must be noted that this past experience is itself , 
based upon sense-impressions of one kind or another.- 
These sense-impressions have been as it were stored in the 
memory. A sense-impression, if sufficiently strong, leaves 
in our brain some more or less permanent trace of itself, 
which is rendered manifest in the form of association 
whenever an immediate sense-impression of a like kind 
recurs. The stored effects of past sense-impressions ' 
form to a great extent what we are accustomed to 
speak of as an “external object.” On this account 
such an object must be recognised as largely construct 

by ourselves; we add to a greater or less number df 
immediate sense-impressions an associated group of store 
sense-impressions. The proportion of the two contribu-~ 
tions will depend largely on the keenness of our organs 
of sense and on the length.and variety of our experience. 
Owing to the large amount we ourselves contribute to 
most external objects, Professor Lloyd Morgan, in the 
able discussion of this matter in his Animal Life and 
Intelligence (p. 312), proposes to use the term construct , 
for the external object. For our present purpose, it is 
very needful to bear in mind that an external object) 
is in general a construct—that is, a combination of 
immediate with past or stored sense-impressions. The 
reality of a thing depends upon the possibility of its 
occurring in whole or part as a group of immediate 
sense-impressions.' 

! The division between the real and unreal, and again between the real 
and ideal, is less distinct than many may think. For example, the planet 
Neptune passed from the ideal to the real, but the atom is still ideal. The 
ideal passes into the real when its perceptual equivalent is found, but the 
unreal can never become real. Thus the concepts of the metaphysicians, 
Kant’s thing in itself or Clifford's mind stuff, are in my sense of the words 
unreal (not ideal), they cannot become immediate sense-impressions, but the \\ 


physical hypotheses as to the nature of matter are ideal (not unreal), for they 
do not lie absolutely outside the field of possible sense-impressions. 
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things outside thought. But even this strained use of the 
term, apart from its confusion, leads us no further than 
the statement that an unmeaning x exists among an un- 
thinkable y and 2. 


SUMMARY 


1, Immediate sense-impressions form permanent impresses in the brain 
which paychically correspond to memory. The_union of immediate sense- 
impressions with associated stored impressions _leads_to_the formation of 
“‘constructs,” Which we project ‘out irselves,” and term phenomena. 
The real world lies for us in such constructs and not in shadowy things 

themselves. ** Outside” and “inside” “oneself a1 are alike ultimately based 
on sense-impressions ; but from these sense-impressions by association, 
‘mechanical and mental, we form conceptions and draw inferences. These 


are the se Sea an el amanlalip ain contenido ibs ai 
2. When an val elapses_between_sense-impression and exertion 


filled by cerebral activity marking the revival and combination of past sensec_y, 
imptessions stored as impresica” we are said To TEE oF To Ge conttions, 7% (ees 
“Other-consciousness is an inference, which, not yet having been verified by ———‘! 
immediate sense-impression, we term an gject; it is conceivable, however, 
that it could become an object. Consciousness has _no_mesning beyond 
in to our own ; it is Wlogical to assert that all matter is 
more that consciousness or will can exist outside matter. 

3. The term knowledge is meaningless when extended ‘beyond the sphere 
in which we may legitimately infer consciousness, or when applied to things 
outside the plane of thought, i.e. to metaphysical terms dignified by the rs 
name of conceptions although they do not ultimately flow from sense-im- 
pressions. 
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CHAPTER III 
THE SCIENTIFIC LAW 


§ 1—Résumé and Foreword 


THE discussions in my first two chapters have turned 
upon the nature of the method and material of modern 
science, The material of science corresponds, we have 
seen, to all the constructs and concepts of the mind. 
Certain parts of this material, namely, constructs associ- 
ated with immediate sense-impressions, we project outwards 
and speak of as physical facts or phenomena ; others, 
which are obtained by the mental processes of isolation 
and co-ordination from stored sense-impressions, we are 
accustomed to speak of as mental facts or concepts. 
In the case of both these classes of facts, the scientific 
method is the sole path by which we can attain to know- 
ledge. The very word knowledge, indeed, only applies to 
the product of the scientific method in this field. Other 
methods, here or elsewhere, may lead to fantasy, as that 
of the poet or of the metaphysician, to belief or to super- 
stition, but never to knowledge. As to the scientific 
method, we saw in our first chapter that it consists in 
the careful and often laborious classification’ of facts, in 
the cor§parison of their relationships and sequences, and 
finally in the discovery by aid of the disciplined imagina- 
tion of a brief statement or formuda, which in a few words 
resumes a wide range of facts. Such a formula, we have 

1 The reader must be careful to recollect that classification is not identical 


with collection, It denotes the systematic association of kindred facts, the 
collection, not of all, but of relevant and crucial facts. 




















‘= TSE GRAMWAR OF SCIENCE 


“maaciey Taey dave She ouder claim to the word—that 
sm be can@ed lomg anterior to scientific law. This, in 
“Gmr seme, S perstiy true,’ because the earliest 
stags ONY aes fee the conduct of men living 
> seeggmemts area’ any conscious recognition of 
wet be Now Si leads us directly to a very 
garcia, eSDCBOM, WIR, F it be neglected, is the source 
waht Qamteeow, «Des Law exist before it receives 

. \gwpnatn as eQQgabue ? According to Austin, law in 
we dana ee ettainiy does not, for such a law 
iewaatn A “xnnmumarnl,” amt a “corresponding duty ”— 
maxX SANNERede BF ENuyRition. What are we to say, 
woe GRE Qs W anentifc law—does it really exist 
eae een Mak gihew expression to it? Has the word 
qo suey, Adee BtuSANiated with the mind of man? 
Need -OG WE RMSE Jedtely answer “no” to both these 
“aararsr, taas T Doktee that the reader who has carefully 
ceapes “Wp AQ) Ghapter will sce at once the grounds 
lax Nemewmt. «A svientific law is related to the 
ecqaane uns qunepties formed by the perceptive 
we Genaadg, “@sutOS itt man: it is meaningless except 
SRA UE Te: it is the résumé or brief expres- 
Lx. wy WRWUADips sad sequences of certain groups 
aX ans unt conceptions, and exists only when 


mene OD ek 


= \ Waanpat Lane relative to Man 


wa xeex ida Neneh of scientific law which deals 
eR Weis “weie world "—natural law. We 
aan SRA WHR DaR aie world is a construct, It con- 
peters ERR Notte partly from immediate sense- 
w wm AWGN feo the store of impresses. For 
- Lag MND world” is essentially conditioned 
ne fee : saris ani retentive faculties in man. Even 
7 sasqnaen why pretulate “things-in-themselves,” 
re Neosnannesdinet in nowise resemble them, and 
re squanmyeecinen so far from representing the 
earns 2 te trl right to the word, see p. 94. 









































THE SCIENTIFIC LAW 97 


formulz, by aid of which we can classify the relationships 
and sequences of more and more extensive groups of 
phenomena. The earlier formule are not necessarily 
wrong,’ they are merely replaced by others which in 
briefer language describe more facts. 

We cannot do better than examine this process very 
briefly in a special case, namely, the motion of the 
planetary system. An easily observed part of this 
motion was the daily passage of the sun, its rising in the 
East and setting in the West. A primitive description 
of the motion consisted in the statement that the same 
sun which set in the West passed, hidden by northern 
mountains, along the surface of the flat earth and rose 
again in the East. The description was clearly very 
insufficient, but it was a first attempt at a scientific 
formula. An obvious improvement was soon made by 
limiting the surface of the earth and supposing the sun 
to go below the solid earth. The motion of the sun 
taken in conjunction with the motion of the stars led 
early astronomers to conclude that the earth was fixed 
in mid-space, and sun and stars were daily carried round 
it. The description thus improved was still far from 
complete; the sun was observed to vary its position 
with regard to the fixed stars. Gradually and laboriously 
facts were accumulated, and in time those early astron- 
omers concluded that the sun went round yearly in the 
same circle, this circle itself being carried round with the 
starry heavens once in a day. This formula embraced 
a wider field of phenomena than the earlier ones, and 
probably was as exact a description as men’s perceptions 
of earth and sun allowed when it was invented. Hipp- 
archus improved it by placing the earth not exactly in the 
centre of the sun’s circle, and thus more accurately 
described certain apparent irregularities in the sun’s 
motion. A still more complete description was adopted 

1 They are what the mathematician would term “ first approximations,” true 
when we neglect certain small quantities. In Nature it often happens that 
we do not observe the existence of these small quantities until we have long 


had the ‘first approximation” as our standard of comparison. Then we 
need a widening, not a rejection of “natural law.” 
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permanently grouped together, and, in the second place, 
from the mental habit of concentrating our attention on 
‘one of these groups by placing about it in conception an 
arbitrary boundary separating it from other groups. Such 
arbitrary boundaries are conceptions drawn doubtless from 
sense-impressions of sight and touch, but they correspond, 
as we shall soon see, to nothing real in the world of sense- 
impression or in phenomena. 

The coexistence of more or less permanent and distinct 
groups of sense-impressions is a fundamental mode of 
our perception ; it is one of the ways in which we per- 
ceive things apart. There is nothing in sense-impressions 
themselves which involves the notion of space, but 
whether space be “due” to something behind sense- 
impression or to the nature of the perceptive faculty itself 
we are unable at present to decide. Leibniz has defined 
space as the order of possible coexisting phenomena. 
This order may “arise” from something behind pheno- 
mena, or from the machinery of perception, but in either 
case the order itself is simply a mode or manner in which 
we perceive things. The reader must distinguish carefully 
between the groups of sense-impressions themselves and 
the order in which we perceive them to coexist. Per- 
haps the distinction will be best brought out by con- 
sidering the letters of the alphabet :— 


A, B, C, D, E, F,G,... 


The letters may be said to have a real existence like the 
groups of sense-impressions we term objects. The order 
of the letters is merely the mode in which we perceive 
them to coexist as an alphabet. The “existence” we 
attribute to the order is thus of a totally different 
character from the “existence” we attribute to the letters. 
The alphabet has in itself no existence except for the 
letters it contains, but the letters, on the other hand, could 
have a real existence if they had never been arranged 
in any order or alphabet. The alphabet has merely 
existence as a manner of looking at all the letters together. 
These results may all be interpreted of coexisting groups 
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We have, then, to ask whether the boundary between 
paper and air, if immensely magnified, would look side- 


ways, not indeed like a geometrical line, but roughly like 
the first or second of these figures :— 





Fis. 3. 


Now no direct answer can really be given to this 
question, because bodies cease to impress us sensibly long 
before we reach the point at which the appearance of 
continuity might be expected to disappear. We cannot 
predict what our sense-impressions would be if we could 
magnify a drop of water up to the size of the earth. But 
we may put the question in a slightly different way. We 
may ask: Would it enable us to classify and describe 
phenomena better if we conceived bodies to be continuous | 
as in Fig. 2, or discontinuous as in Fig. 3? The physicist 
promptly replies: 1 can only conceive bodies to be dis- 


| continuous, Discontinuity is essential to the methods 


by which I describe and formulate my sense-impressions 
of the phenomenal world. 


§ 9-—Conceptual Discontinuity of Bodies. The Atom 


Foremost among the physicist's reasons for postulating 
the discontinuity of bodies is the elasticity which we 
notice in all of them. Air can be placed under a piston 
in a cylinder and compressed ; a bar of wood can be bent 
—in other words, a portion of it squeezed and another 
portion stretched. Even the amounts by which we can 


















































CHAPTER VI 
THE GEOMETRY OF MOTION 


§ 1— Motion as the Mixed Mode of Perception 


We have seen in the previous chapter that there are two 
modes under which the perceptive faculty discriminates 
between the contents of perception, namely, those of space 
and time. The combination of these two modes, to 
which we give the various names of change, motion, 
growth, evolution, may be said to be the mixed mode 
under which all perception takes place’ Science, accord- 
ingly, if we except special branches treating of the modes 
under which we perceive and think, is essentially, as a 
description of the contents of perception, a description of 
change or variation. In order to draw a mental picture 
of the universe, to map out in broad outline its character- 
istics, science has introduced the conception of geometrical 
forms ; in order to describe the sequence of perceptions, 
to form a sort of historical atlas of the universe, science 
has introduced the conception of geometrical forms 
changing with absolute time. The analysis of this con- 
ception is what we term the Geometry of Motion. The 
geometry of motion is thus the conceptual mode in which 
we classify and describe perceptual change. Its validity 


1 Trendelenburg sees in real or constructive motion the basis of all per- 
ception and conception. He tries to show that the conception of motion does 
not require the notions of space and time, which he asserts flow from the concep- 
tion of motion itself, I do not think he is successful in this, but his attempt is 
instructive as showing how essentially perception and conception involve 
motion. (See his Lagische Untersuchungen, 2nd edition, Bd. i. chaps. v.-viii, 
Leipzig, 1862.) 
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easy to show that this turning of two lines CA and CB 
into new positions CA’ and CB’ may also be attained by 
turning the body about a certain line of direction CO 
through a certain angle? Thus the manner in which we 
conceive change of aspect to be described and measured 


1 This may be proved by the aid of elementary geometry in the following 
manne1 

Let the triangle CBA be displaced into the position CB'A’. Join the 
points A, A’ and B, B’, and let the mid-points of AA’ and BB’ be M and N 
respectively. Through C and M draw a plane perpendicular to AA’ and 
through C and N a plane perpendicular to BB’. These two planes meet in a 
line passing through C, since C is common to them both. Let O be any 
point in this line, and join it to M and N, them OM and ON are respectively 
perpendicular to AA’ and BB’, In the triangles AOM, A’OM, AM and 
A'M are equal, OM is common, and the angles at M sre right, hence it 
follows by Euclid i, 4 that the third sides OA and OA’ are equal. For 











Fic. 4. 


precisely similar reasons it follows that OB and OB’ are equal. Hence the 
three distances of O from the angles of the triangle ABC are equal to its 
distances from the three angles of the triangle A’BC respectively. Thus the 
two tetrahedrons with summits at O and having bases ABC and A’B'C 
respectively are equal in every respect, for all their edges are equal each to 
each. One of them may thus be looked upon as the other in a changed 
position, They have, however, the same edge OC. Hence one tetra- 
hedron may be moved into the position of the other by rotating it through 
certain angle about the edge OC. That is to say, the triangle CBA may be 
turned into the position CBYA’ by rotating it through a certain angle—the 
angle between the planes BOC and B'OC—about the line OC. 








= = | 
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As it is with change of size, so it is with change of 
shape: we are really basing our system of measurement 
upon conceptions, which enable us to describe and classify 

‘ions, but are not real limits to perception. Change 
of shape without change of size can be realised in the 
following manner: Take a piece of woven silk or other 
slightly elastic material, and draw a rectangle upon it 
with sides a few inches long parallel to the warp and 
woof. Then if such a rectangle be held firmly top and 
bottom between two pairs of parallel pieces of wood, or 
even between the two thumbs and their respective fore- 





Fic. 6. Fig 7. 


fingers, a slide of the holders parallel to each other will 
produce a change of form without change of size. Now 
the extent of such a strain will depend on the amount by 
which the warp and woof have changed their inclination 
to each other,—that is to say, on the amount after strain 
by which the angle between them differs from a right- 
angle. But this change in angle only becomes of meaning 
if we suppose the warp and woof to be straight lines, 
In other words, to get a measure of the strain we replace 
the perceptual warp and woof by a geometrical network. 
Such a type of strain is termed a side or shearing strain, 
and all changes of shape without change of size can in 
conception be analysed into slides.’ Further, it may be 
shown that all changes of form whatever can he analysed 
into stretches and slides,’ or into changes of length and 

4 Technically the slide f¢not measured by the change in angle or by the angle 
4ae in Vig 7, but by the trigonometrical tangent of this angle, or by the ratio 
of the length bc to the length ba—in other words, by the ratio of the amount 
the woof has been slid to the length of the warp. 

+ An elementary disewsion of strain will be found in Clifford's Adememts 


of Dynamic, part i. pp. 158-90; oF in Macgregor’s Aiwematice and 
Dynamics, pp 166-4. The reader may also consult §§ $ and 13, cone 


a. 
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wish to distinguish from P, and to do this we must give 
what is termed direction to the distance OP, we must 
determine, as it were, whether it runs north and south, 
south-west and north-east, or upwards and downwards.! 
But even this is not enough. We must be also told the 
sense of this direction, whether, for example, it be of or of’ 
(Fig. 8), or, say, runs from south-west to north-east or 
north-east to south-west. Thus, if we want to plot our 
position in space about a point O, we must do this by 
iP 


1° 


Fic. 8. 


measuring distances from O in given directions and with 
given senses. We must know distance and dearing? from 
O to determine fully a point P. To represent geometric- 
ally the position of P with regard to O, we may draw a 
piece of a straight line (of) having as many units of length 
on our scale as there are units of distance from O to P, 
the line having the same direction as this distance, and 
having an arrow-head upon it to mark the sense. Such 
a line marking the magnitude, direction, and sense of P’s 
position relative to O is termed a step. Such a step tells 

1 In the conceptual space which corresponds most closely to perceptual 
space—so-called space of shrce dimensions—we require, in order to mark the 
relative position of all possible bodies, to start from three standard points 
(which must not be in the same straight line) in order to fix direction. 
Throughout this chapter we shall understand by the position of a point P 
relative to another point O, the directed step OP, and by the motion of P 
relative to O change in this directed step. A fuller account of Position will 
be found in the chapter under that title contributed by the author to Clifford's 
Common Sense of the Exact Sciences. 

2 With the signification in which the words are here used, a line has 
direction but not bearing. We must add to direction the conception of sense 
before we form the idea of bearing. 
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but the staircase is rushing perhaps 1000 miles an hour 
round the axis of the earth, while the earth itself may be 
bowling 66,000 miles an hour round the sun. The sun 
itself is moving towards the constellation of Lyra at some 
20,000 miles an hour, while Lyra itself is doubtless in 
rapid motion with regard to other stars, which, so far 
from being “ fixed,” may be travelling thousands of miles 
an hour relatively to each other. Clearly it is not only 
impossible to tell how many thousand miles an hour we 
are each one of us to be conceived as speeding through 
space, but the expression itself is meaningless. We can 
only say how fast one thing is moving relatively to another, 
since all things whatsoever are in motion, and no one can 
be taken as the standard thing, which is definitely “at rest.” 
Is it correct to say that the earth actually goes round 
the sun, or that the sun goes round the earth? Either 
or neither; both are conceptions which describe phases 
of our perception. Relatively to the earth the sun 
describes approximately an ellipse round the earth in a 
focus, relatively to the sun the earth describes approxi- 
mately an ellipse about the sun in a focus. Relatively to 
Jupiter neither statement is correct. Why, then, do we 
say that it is more scientific to suppose the earth to go 
round the sun? Simply for this reason: the sun as 
centre of the planetary system enables us to describe in 
conception the routine of our perceptions far more 
clearly and briefly than the earth as centre. Neither of 
these systems is the description of an absolute motion 
actually occurring in the world of phenomena. Once 
realise the relativity of motion and the symmetry of the 
planetary system is seen to depend largely on the stand- 
point from which we perceive it: the theory of planetary 
ellipses can thus be easily recognised as a mode of 
description peculiar to an inhabitant of a solar system. 


§ 8.—Position. The Map of the Path 


Relatively to O and its frame, then, our point P 
describes a continuous curve or path, and its position at 
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CHAPTER VII 
MATTER 


§ 1.—" AU things move” —but only in Conception 


AN old Greek philosopher, who lived perhaps some five 
hundred years B.C, chose as the dictum in which he 
summed up his teaching the phrase: “ Ad things flow.” 
After-ages, not understanding what Heraclitus meant—it 
is doubtful whether he understood himself—dubbed him 
“Heraclitus the Obscure.” But to-day we find modern 
science almost repeating Heraclitus’ dictum when it says: 
“ All things are in motion.” Like all dicta which briefly 
resume wide truths, this dictum of modern science re- 
quires expanding and explaining if it is not to be misin- 
terpreted. By the words “All things are in motion” we 
are to understand that, step by step, science has found it 
possible to describe our experience of perceptual changes 
by types of relative motion: this motion being that of 
the ideal points, the ideal rigid bodies, or the ideal strain- 
able media which stand for us as the signs or symbols 
of the real world of sense-impressions. We interpret, 
describe, and resume the sequences of this real world of 
sense-impressions by discussing the relative positions, 
velocities, accelerations, rotations, spins, and strains of an 
ideal geometrical world which stands for us as a concep- 
tual representation of the perceptual world. In our 
Chapter V. we saw that space and time did not themselves 
correspond to actual perceptions, but were modes under 
which we perceived, and by which we discriminated, 
groups of sense-impressions. So motion as the combina- 
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after a combination is se=a Som 2 serum Scamme It 
to involve of necessity 2 sameness Wf steam. 

Now I have cited this scamnie of che wave ir =o 
reasons. In the first piace. © stows a= Stor XS gosshie 
to conceive atoms 23 penetrabie Se atoms. amc 23 varying 
from moment to moment in ‘her suiscacom. wittcur at 


combination. To comsider an acm a5 Cusistrg aways 
of the same substratam. anc as imoemeradic by other 
atoms, may help ws to describe casiiy cercain physical and 
chemical phenomena: but = is quite conceivable that 
other hypotheses may equaly weil account for these 
phenomena, and this bemg so we have cleariy no right 
first to project special conceptions into the world of real 
phenomena, and then to assert on the strength of this that 
matter, penetrable in itself, is impenetrable in its ultimate 
element, the atom Clearly impenetrability is neither in 


and sameness of such a group do not necessarily involve 
the conception of a permanent and the same substratum 
for the group. 

My second reason for citing this wave example lies in 
the light it throws on the possibilities involved in the 
statement: “Matter is that which moves.” The wave 
consists of a particular form of motion in the substratum 
which for the time constitutes the wave. This form of 
motion itself moves along the surface of the water, 
Hence we see that besides the substratum something else 
can be conceived as moving, namely, forms of motion, 
What if, after all, matter as the moving thing could be 
best expressed in conception by a form of motion moving, 
and this whether the substratum remain the same or not? 
To this suggestion we shall return later, as it ix one 
extremely fruitful in its results. 
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Tait, P. G.—Properties of Matter (especially chaps. i.-v.). Edinburgh, 
1885. 

THoMsoN, Siz WILLIAM (LorD KeLvin).— Popular Lectures and 
Addresses, vol. i. (especially pp. 142-52). London, 1889. 

A popular account of Larmor's gyrostatic ether and also of the ether- 
squirt will be found in a lecture, Over Ether-Theorieén,” given by W. H. 
Julius in 1899 before the Netherlands Natur. en Geneeskundig Congres, and 
published in its Proceedings. 
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telligible. On the other hand, to project the cause of 
motion into something behind sense-impression is to 
dogmatically assert causation where we cannot know, to 
illogically infer from the like to the unlike (pp. 60, 156). 
The only alternative is to consider force as an antecedent 
group of sense-impressions ; this, however, is not only to 
project our purely conceptual notions of motion into the 
perceptual field, but it throws upon us the duty of defining: 
the particular group of sense-impressions to which force 
corresponds. We have already spoken of the “muscular 
sensation of force” (p. 273), which, if we project con- 
ceptions into the perceptual field, is more accurately to be 
described as a sense-impression of mutual acceleration 
indissolubly linked to the fact of consciousness. It throws 
absolutely no light on the cause of motion in such 
“automata without consciousness,” we must conceive 
“phenomenal corpuscles” to be. Hence, whichever way 
we turn, the current definitions of both mass and force 
lead us only into metaphysical obscurity. Mass as the 
quantity of matter in a body, matter as that which 
perceptually moves, force as that which changes its motion, 
are solely and purely names which serve to cloak human 
ignorance. This ignorance is at bottom the ignorance of 
wy there is routine in our sense-impressions, and with 
this question of routine we have already fully dealt 
(pp. 101-6). But science answers no why—it simply 
provides a shorthand description of the Aow of our sense- 
impressions; and it therefore follows that if mass and 
force are to be used as scientific terms they must be 
symbols by aid of which we describe this dom. It is thus 
that T have dealt with them ; we have seen that to briefly 
describe the corpuscular dance, which forms our conceptual 
model of the universe, the notions of mass and force as 
based on mutual accelerations arise naturally and with 
intelligible definitions, 


§ 10.—Egnality of Masses tested by Weighing 
Although it is impossible for us to review the whole 
ficld of mechanics, it is still necessary to indicate to the 
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Pearson, K.—The Chances of Death and other Studies in Evolution, vol. i., 
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The customary physical view of the Laws of Motion will be found in :— 


CLeRK-MaxweLt, J.—Matter and Motion, pp. 33-48. London, 1876. 
Tuomson, Sir W., and Tart, P. G.—Treatise on Natural Philosophy, parti. 
Pp. 219-24, 240-49. Cambridge, 1879. 
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critical spirit, for all three seem to me to be occasionally wanting in precise- 

ness of definition, stringency of logic, and above all in quantitative measure- 

ment and statistics (see my remarks, pp. 391, 416, 417, and Appendix, Neter 

v. and vi.). The reader may also consult an excellent le book by— 

THomson,. J. ARTHUR.—The Science of Life, an Outline of the History of 
Biology, and its Recent Advances. London, 1899. 

Those who wish to study the quantitative theory of evolution somewhat 
more closely may perhaps be tempted to examine the series of papers entitled 
Mathematical Contributions to the Theory of Evolution, and Data for the 
Problem of Evolution in Man, which since 1895 have been contributed by 
the author and his co-workers to the Philosophical Transactions and Pro- 
ceedings of the Royal Society (London, Dulau and Co.). Important papers 
by Francis Galton, W. F. R. Weldon, E, Warren, and G. U. Yule from the 
statistical standpoint will also be found in the Proceedings. 
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pangamic mating the numbers of (6) with (a) and (8) 
with (6) marriages will be #; xF * and 1X yy F respectively. 
We may thus arrange the following scheme as represent- 
ing the numbers of each kind of mating :— 





HUSBANDS. 
a é 
| 
i 1 
ade |! mbm 
mr N 
~ — 
2, | sem | mem 
N | N 





Now if mating, however, be not random, if like mates 
with like, then more (a) husbands will seek (@) wives, 
and more (4) husbands (4) wives than are indicated in 
this table; that is, the left-hand top and right-hand 
bottom compartments will contain more cases than are 
indicated by the numbers written in them, and they will 
gain at the expense of the groups #, x m,/N and 2, x m,/N. 
Each of these groups will lose to the other two, so that 
with correlation we shall have a table of the form :— 











HUSBANDS. 
a 3 

a |"ax Ma fy Xe 
“ No tata] *x*-a-e 
Lh a ae 
= Max mm mx 

6 ee ana| ME tate 

where ¢,, é,, é) ¢, are the respective losses of the (4d) and 


(6a) groups to the (aa) and (65) groups. But the total 
number of husbands in the (a) groups is »,, and this must 


athe nakme 


+e te4+-> —4—e,=n,+¢,—¢ Hence 
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portance of this law of ancestral heredity. If Darwinism 
be the true view of evolution, ie. if we are to describe 
evolution by natural selection combined with heredity, 
then the law which gives us definitely and concisely the 
type of the offspring in terms of the ancestral peculiarities 
is at once the foundation-stone of biology and the basis 
upon which heredity becomes an exact branch of science. 

To show its importance, let us draw some of the con- 
clusions which follow from it. Let us suppose that mating 
is pangamic, that the race is sensibly stable, and that the 
two sexes are equipotent in determining the character of 
the offspring, the heritage being equally blended. Then 
we have seen that the quantities by which the H’s are 
multiplied can be expressed in terms of the correlation co- 
efficients of the offspring and the mid-parents. These 
latter can be again expressed in terms of the correlation 
coefficients between the offspring and the individual 
ancestry, and from the resulting equations the intensity 
of heredity between every possible pair of relatives deter- 
mined. The actual algebraic deductions are too complex 
to be reproduced, but the results are so important that 
they may be given here :-— 





TasLe oF HEREDITY—DrRect LINE. 





| Cocfcien of Contain. 








Offspring and 
yen y=9 v2.35, 
Parent. - «| 3000 2851 -4000 
Grandparent... | «1500 1425 2000 
Great-grandparent. . | .0750 0713, +1000 
Great-great-grandparent . | .0375 0356 +0500 
nth order grandparent . | .6x(4)" | -5702x(4)" Bx (4) 





The first column contains what I have previously 
termed the “theoretical values” of the coefficients of 
heredity. So far as our data at present reach,—and 
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TABLE OF COLLATERAL HEREDITY 








Relatives. Correlation. 
Brothers . . . . . . +4000, 
Uncleand nephew. . - «| __-1500 
Great-uncle and nephew... | .0625 
First cousins... 0750 
First cousins, once removed : 0344 
Second cousins . . + . +0172 
Second cousins, once removed. . | .0082 
Third cousins. =. «| sgt 





problem of cross heredity (see p. 454). It suggests that 
if we multiply the coefficient of divect heredity by the 
organic correlation of the two characters under discussion, 
we shall obtain the coefficient of cross heredity.’ Thus .4 
times the correlation between stature and forearm in man 
would give the degree of relationship between the fore- 
arm in a man and the stature of his brother. Measure- 
ments are now being made to test this apparently simple 
law of cross heredity. 


§ 12.—On the Power of Selection to permanently modify 
Types by the Establishment of Breeds 


The next most important point for our consideration 
is the manner in which heredity can assist selection, 
natural or artificial, in the establishment of breeds or in 
the permanent modification of types. 

Now there are two distinct cases to be considered 
here. In the case of artificial selection, pedigree stock, 
and laboratory experiment, we may be acquainted with a 

1 The principle here stated depends upon a further assumption stated, 
Royal Society Proceedings, vol. \xii. p. 411. The cross inheritance from 


stature in father and forearm in son, which I have determined for 1000 cases, 
sensibly obeys this principle. 
31 
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cients of the offspring with their rst, 2nd, 3rd . . . th, 
etc., mid-parents. From these results I have constructed 
the following table, exhibiting the influence of selection 
during one, two, three, etc. successive generations in 
establishing a stock. 





Number of Generations 


Deviation of Type from 
daring whieh selection bas ected devi 
‘proceeded. 


Racial Type, selected devia. | lat 




















‘don being iaken as unity. Siig as unity. 
| 1 5 8944 
2 “78, “8044 
3 | 875, 8944 

| 4 9375 Boag | 
5 +9687 8044 
6 +9844 “8044 

Infinite : 1 8944 | 

i 





I must ask the reader to examine this table attentively, 
for it means a great deal for the problem of evolution. 
We have seen (p. 471) that if a mid-parent with a char- 
acter differing H, from the type be selected, the offspring 
of this mid-parent will on the average regress and have 
only .6H, of this character. Will not then the offspring 
of these offspring have only .6 x (.6H,) of the character 
on the average? Certainly not, for they are not merely 
offspring of mid-parents with .6H,, but their grandparents 
had Hy, of the character. In fact, as we shall see later, 
these offspring may be expected to have .8049H, of the 
character. Thus selection is not checked by regression. 
Regression is merely the result of mediocre ancestry, the 
moment we give selected ancestry the regression begins 
to diminish, and in a few generations is hardly sensible. 

Why in our table above does .5H, appear instead of 
.6H, as the amount of character inherited by the off- 
spring? Because we have not taken all mid-parents of 
character H,, but have taken only those mid-parents of 
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whence we find 3=.2 about. Thus the non-selective 


death-rate is about 20 per cent, the selective death-rate 
about 80 per cent of the total death-rate. Taking fathers 
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and sons, who do not live so nearly as brothers under the 
same environment, a like investigation for the separate 
series showed a selettive death-rate amounting to about 
65 per cent of the total death-rate. Thus we see that 
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classed under nature, and a mysterious Philosophia Prima 
or Sapience is postulated which deals with the “highest 
stages of things,” divine and human. The axioms which 
Bacon gives as specimens of this Sapience are not very 
suggestive of what this hitherto wanting branch of science 
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would be like ; they are either logical axioms or fanciful 
analogies between natural theology, physics, and morals. 
The scheme as it stands is a curious product of a transi- 
tion period of thought. With its “errors of nature,”— 
the anomies in which nature is driven out of its course 
by “the perverseness, insolence, and frowardness of 
matter,”—and with its. “ purified magic,” we recognise its 
author as on the fringe of the Middle Ages, but when 
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consider change in position and develop a theory of the 
motion of conceptual bodies without reference to the 
special’ structures and special types of motion by which 
we conceptualise change in phenomena. This branch of 
science is termed Kinematics, or the Geometry of Motion, 
and, on account of its fundamental importance, has been 
somewhat fully discussed in our Chapter VI. It has 
made very great advances in recent years, and not only 
from the theoretical standpoint ; in cases of constrained 
motion it has become an invaluable auxiliary in the 
practical construction of machines.’ Closely allied to 
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Kinematics, if not more properly a branch of them, we 
have a science which deals with change in size and shape. 
This is the Theory of Strains, and it has a wide applica- 
tion in the conceptual description of many portions of 


physics (p. 202). 
With this we complete our review of Adstract Scien 


1 See especially L. Burmester : Lehrbuch der Kinematik, Ba. * 
1888—a classical treatise. 
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other, thus we have Mineralogy and Chemistry completing 
the range of the Synoptic Physical Sciences. 

The following table resumes our classification of the 
Physical Sciences :— 





B.—CONCRETE SCIENCE. Inorganic Phenomena. 
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§ 8—Concrete Science. Organic Phenomena 


We now turn to the third and last great field of know- 
ledge, namely, that division of Concrete Science which 
deals with Organic Phenomena, ts branches are fre- 
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the sexes, and the purposes we conceive this distin 
serves in the economy of living forms; then we 
to describe how the parent hands down his char 





C.— CONCRETE SCIENCE. 


Tine 
(Growth or Change). 


Organic Phenomens. 
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istics to the child, and how the new life itself tah 


origin and develops stage by stage. 


These topi 


dealt with in the Evolution of Sex, the Theory of He 


and Embryology. 


The third and last great division of Biology is 
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development. This point is illustrated by the Precise and Synoptic 
Sciences. 

From Bacon we leam that the best form for classificatioa is! 
branching tree, but from Comte that there is in reality an interdepet 
the sciences, so that a clear understanding of one may necessitate « 
study of several others, From Spencer we may adopt the fat 
distinction between Abstract and Concrete Science, or those 
respectively with the modes and the contents of perception. We 
three fundamental divisions corresponding to the Abstract, Phy: 
Biological Sciences which are united pair and pair by Applied Mi 
and Bio-physics. 
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APPENDIX 


NOTE | 
On the Principle of Inertia and Absolute Rotation” (p. 286) 


ConsiDER a very thin straight piece of material string AB, which in 
the conceptual limit may approach a straight line. Let C and D be 
two adjacent physical points of this line which in conception may 
approach to geometrical points. Now suppose the fact observed to 
be that AB remains straight and disconnected from other “matter,” 
but that we are ignorant whether it is really in motion or not. Let 
us now suppose the string separated between C and D, say by 
x cD B 

a pair of scissors, without immediately altering the motion, if there be 
such. One of two things may now occur—either the pieces AC, DB 
continue to appear as parts of one unbroken piece of string AB, or 
else AC and DB begin to separate between Cand D. Now the only 
thing of which we have destroyed the possibility is clearly a 
mechanical relation—a tension (p. 308) between the material points 
Cand D. Hence, if the parts begin to separate after the application 
of the scissors, C and D must have had a tension between them, or 
have exerted mutual accelerations before the cutting in twain (p. 304). 
That is to say, D must initially have had an acceleration relative to C 
in the direction AB. Or we may assert, that in the limit two parts 
of a material line will tend after division to separate or not to 
separate according as its parts have a relative acceleration in the 
direction of its length. Now if we suppose the string or material 
line incapable of stretching, it is clear that D cannot initially have a 
velocity relative to C in the direction AB. Hence it follows that the 
acceleration of D relative to C must be of the nature of normal accelera- 
tion (p. 225), or the line AB must be spinning as a wéole round 
some axis. On the other hand, if the parts AC and DB remain after 
being cut in twain in the same straight line, then no material particle 
C of AB has any acceleration relative to another particle D in the 
direction AB. In this case the line AB may have motion of transla- 
tion as a whole, but has no spin. 
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disregarded Dr. Wallace’s views on the inapplicability of 
selection to the history of man. Such is far from being the 
I hold that Dr. Wallace's views as expressed in the cha 
186-214) on The Limits of Natural Selection as applied to 
the recently republished “‘ Natural Selection,” and in the ch: 
Darwinism applied to Man in the “Darwinism,” will 
paralogistic enough to confute themselves if carefully studied. 


NOTE VII 
On the Reversibility of Natural Processes (p. 349) 


IRREVERSIBILITY of natural processes is a purely re/ative con 
History goes forward or backward according to the relative 
of the events and their observer. Conceive a colleague 0 
‘Maxwell's demon (p. 84), gifted with an immensely intensifie 
ness of sight so that he could watch from enormous distar 
events of our earth. Now suppose him to travel away fi 
earth with a velocity greater than that of light. Clearly all 
processes and all history would for him be reversed. Me 
enter life by death, would grow younger and leave it finally 1 
Complex types of life would grow simpler, evolution wi 
reversed, and the earth, growing hotter and hotter, would 
become nebulous. Shortly, by motion to or from ‘the ea 
demon could go forward or backward in history, or with on 
—that of light—live in an eternal now. This conception of bh 
change and of time as a problem in relative motion was su 
to me by Mr. L. N. G. Filon, and is, I think, of much inten 
the standpoint of the pure relativity of all phenomena. 
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Action, principle of modified, 317 
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ceptions, 95 ftn., 144, 148 
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537) 539 
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Aspect, 299, 316; on change of 
(rotation), 200-202 
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Atavism, 104, 453, 489 fin, 
Atom, 249, 250, 253-257 
‘an intellectual conception, 96 
(chemical) diagrammatically repre- 
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‘See also Prime-atom 
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and in lucidity of exposition it is second to none. The author views 
his subject from the high ground of the educationist, without reference 
to the exigencies of established examinations ; yet neither the candidates 
who are training for such nor the teachers who prepare them will act 
wisely if they neglect his lessons.” Atheneum. 


“The explanations are admirably clear, and the arrangement 
appears to be a very good one. No teacher of the higher classes in 
our schools or of students preparing for the University examinations 
should be without this book. There is nothing like it in English, and 
it forms an excellent introduction to the various applications of Algebra 
to the higher analysis.”—Academy. 


“A work of singular ability and freshness of treatment. It is not a 
book for elementary classes, but it will be an excellent work to put into 
the hands of some of our sixth-form pupils.” Nature. 
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“It cannot be doubted that it will have a wide influen 
the higher thought of the country, and may even do somethi 
restore to Philosophy the pre-eminent place it once occupit 
English thought.” —¢heneum. 


“We do not belie 
called into being by 





that anything stronger or truer has 
3ifford's eccentric will."—Z-xpository Tim 





“There will assuredly be no disagreement as to the ma 
ability which he has brought to bear on the important a 
discussed.” —Scotsman. 


“One thing is certain—every student of Metaphysics ist 
to read it."—Zihe Saturday Review. 


“Probably this course of lectures comes nearer than m 
the ideal of what Lord Gifford intended when he left his 
foundation to the Scottish Universities, for the discuss 
questions on Natural Theology, and it will be allowed that 
is a measure of fitness in the elaborate argument here pres 
by a Cambridge professor.” Glasgow Herald. 


“A work which does much to redeem Cambridge as a¢ 
of philosophical thought, and which, if we mistake not, will 
one of the most important contributions to philosophy made i 
time in England. . . . Indeed we are unable to think of 
English work in which so complete a grasp both of science 
philosophy is shown as in this remarkable treatise.”— Spectator 
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generation is or is not different. It allows, therefore, for 
secular changes. 

Except, however, in the case of pedigree stock few 
records will be available of ancestry, and we shall generally 
have no means of determining the types and variabilities 
of each past generation. 

If we suppose the race stable in type and variability 
then the law of ancestral heredity may be written :— 


A= y{aH, +@H,+0H, +... ta!Hyy+ 2.6}. 


Now if an individual had mid-parents all of the same 
deviation from the racial type right away back, de. if 





=H,=H, . =H, . =H, we should reason- 
aby expect him “also to “have a deviation H, but if 
=H, then :-— 
Hayfatot+aS+ ... ¢al4... 3H, 


or as is shown in algebra for geometrical series -— 
ya/(1 - a). 

(+). 

We can now write our law of ancestral heredity :— 


toe H 
+ raga, thot +++ f- 


1 
Thus, a 








o 





fue 1 
"Taya CaF 

Clearly then all hereditary influence depends upon this 
one quantity y, the constant of heredity. Mr. Galton 
puts y=1. If be not unity, we may be said “to tax 
the bequests of each generation,” for each generation then 
contributes to the offspring not once, but y times the 
quantity a"H, peculiar to it. Thus a may be looked upon 
as the taxing factor for each portion of the heritage for each 
grade of distance the ancestor stands from the heritor ; 
while y is the taxing factor on the total heritage so 
reduced that comes to the heritor.’ 

The reader must pardon the amount of symbols used 
in the previous discussion on account of the extreme 





1 We must also consider the possibility of y greater than unity: 
accumulative interest on the heritage. 


